Summary. The fatty-acid composition of follicular fluid from small and large developing follicles was analysed and the effects of saturated and unsaturated fatty acids on spontaneous breakdown of germinal vesicles were investigated. Fatty acids were bound to bovine serum albumin and cultured with occytes at 100 \g=m\mol/l. Linoleic acid (18:2) was the only fatty acid tested that significantly inhibited breakdown of germinal vesicles (P < 0\m=.\01). The effect was dose-dependent and was greatest at 50 \g=m\molfatty acid/1 (% breakdown of control, 81\m=.\1\ m=+-\6\m=.\8 vs. 50\g=m\mol linoleic acid/1, 35\m=.\4\ m=+-\7\ m=. \ 3; P < 0\m=.\02). Linoleic acid was the major fatty acid, constituting about a third of the total fatty acid in the follicular fluid; followed by 18\m=.\9 \ m=+-\ 1\m=.\0%and 16\m=.\9 \ m=+-\ 1\m=.\3%oleic acid (18:1) in small and large follicles, respectively. Saturated fatty acids accounted for <30% of the total fatty acid composition. There was a marked absence of tetraenoic acids in small and large follicles. Proportions of linoleic acid were significantly lower in follicular fluid from large follicles (31\m=.\1 \m=+-\1\m=.\2%of total fatty acid) than from small follicles (34\m=.\8 \m=+-\0\m=.\7%of total fatty acid) (P < 0\m=.\05) and there was a significant inverse correlation between follicle diameter and percentage of linoleic acid in the follicular fluid (r= \m=-\0\m=.\6966; P < 0\m=.\05). There was no significant alteration in any other fatty acid during follicular development. The results suggest that (i) a critical relative concentration of linoleic acid may be required for maintenance of meiotic arrest in bovine oocytes and (ii) the decline in the proportion of linoleic acid during follicular development may contribute to the relief of the inhibition of breakdown of germinal vesicles.
Introduction
Oocytes develop in the primordial follicle of the embryo where they begin to undergo meiosis. In mammals, this process is arrested at the diplotene stage, or germinal vesicle stage, immediately before or shortly after birth (reviewed by McGaughey, 1983) . Meiotic arrest persists until sexual maturity, when continued follicular growth and development is stimulated by follicle-stimulating hormone during each reproductive cycle. The preovulatory surge of luteinizing hormone results in the completion of follicular development accompanied by the resumption of meiosis (Ayalon et al, 1972) . At this stage, the germinal vesicle breaks down, the chromatin condenses and the oocyte progresses to the metaphase of the second meiotic division.
Mammalian oocytes can spontaneously resume meiosis when removed from the follicular environment (reviewed by McGaughey, 1983) ; it was therefore suggested that components of folli¬ cular fluid regulate the maintenance of meiotic arrest (Chang, 1955) . Several such factors have been reported to contribute to the maintenance of meiotic arrest, such as a peptide of low Mr in the follicular fluid (Gwatkin & Anderson, 1976; Tsafriri et al, 1976) , proportions of intrafollicular steroids (Rice & McGaughey, 1981) , and hypoxanthine and adenosine (Downs et al, 1985) .
A previous study revealed that during the development of porcine follicles, actual concen¬ trations of free fatty acid dramatically declined, accompanied by changes in the percentage distribution of fatty acids in the follicular fluid (Yao et al, 1980) . The fatty acid composition of meiotically immature porcine oocytes reflects that of the follicular fluid, being strikingly rich in polyunsaturated fatty acids (Homa et al., 1986) . Data from a preliminary investigation suggested that linoleic acid (18:2), a polyunsaturated fatty acid, inhibits meiotic maturation in porcine oocytes (Homa, 1987) . Since mammalian oocytes are bathed in follicular fluid and fatty acids play such a crucial role in cellular function (reviewed by Stubbs & Smith, 1984) 
Fatty-acid analysis
Total lipid extraction was achieved with the addition of 3-75 ml chloroform/methanol (1:2 v/v), followed by 1 -25 ml chloroform and 1-25 ml water (Bligh & Dyer, 1959) . The organic phase was evaporated to dryness under a stream of 02-free N2, and saponified for 1 h at 80"C with 2 ml of 33% KOH in ethanol (6:94 v/v) containing 40 pg hydroquinone/ml. After addition of 2 ml water, the sample was washed twice with 3 ml hexane. The fatty acids were extracted with two washes of 3 ml hexane, after acidification with 1 mol HC1/1, and evaporated to dryness under a stream of 02-free N2. Fatty-acid methyl esters were prepared by treatment with 3 ml boron trifluoride in 14% metha¬ nol for 7 min at 80°C and extracted with three washes of 2 ml hexane. The fatty-acid methyl esters were separated isothermally by gas-liquid chromatography (Hewlett-Packard model (Yao et ai, 1980 (Fig. 1) , a significant inverse correlation was revealed (P < 005). (Table 3) . The effect of linoleic acid was dose-dependent ( Fig. 2) , reaching maximum inhibition of break¬ down of germinal vesicles at 50 pmol/l (% breakdown of control, 811 + 11 vs. 50µ 1 linoleic acid/1, 35-4 + 7-3; < 002). The proportion of oocytes prevented from undergoing breakdown of germinal vesicles did not increase significantly at higher doses. Incubation of bovine oocytes with linoleic acid bound to BSA revealed that the concentrations of fatty acid used in these experiments were not toxic, as the proportion of oocytes that were degenerate was not significantly different in the control and the groups treated with fatty acid (Table 2) . 
Discussion
The observation that linoleic acid significantly inhibited breakdown of germinal vesicles is intriguing. In vivo, oocytes in small follicles are developmentally immature and meiosis is arrested. It is only after the preovulatory follicle has grown to a large stage that the inhibitory influence upon resumption of meiosis in oocytes is released, under the influence of luteinizing hormone (see McGaughey, 1983) . The effect of linoleic acid may be physiologically relevant: first, this fatty acid is a natural constituent of follicular fluid in which the oocyte is bathed and, secondly, the actual concentration of free fatty acid in porcine follicular fluid is~1 mmol/1 (Yao et al, 1980) and we have demonstrated inhibition of breakdown of germinal vesicles in bovine oocytes by only 50 µ linoleic acid/1.
The results from the present study indicate that the fatty-acid environment of immature bovine oocytes in small follicles is more conducive to maintaining meiotic arrest than that of developing follicles, since the proportion of linoleic acid is smaller in the latter. This suggests that a critical relative concentration of linoleic acid may be necessary for the maintenance of meiotic arrest in bovine oocytes. The actual concentrations of fatty acids were not measured in this study, but it is interesting that the concentration of total fatty acid declines significantly in porcine follicular fluid as the follicle increases in size (Yao et al, 1980) . Cyclic adenosine monophosphate (cAMP) plays a significant role in the maintenance of oocyte meiotic arrest in several mammalian species (mouse, Cho et al, 1974; rat, Magnusson & Hillensjö, 1977;  pig, Rice & McGaughey, 1981 , Racowsky, 1985a cow, Ball et al, 1983; hamster, Racowsky, 1985b; cow, Homa, 1988) . Incorporation of unsaturated fatty acids into membrane phospholipids increases basal and stimulated activity of adenylate cyclase (Engelhard et al, 1978; Colard et al, 1980; Poon et al, 1981; Chambaz et al, 1983) . The stimulatory effect is specific for incorporation of linoleic acid (Colard et al, 1980; Chambaz et al, 1983) . Evidence supports the existence of adenylate cyclase in the mammalian oocyte plasma membrane (Racowsky, 1985a, b) , and it is therefore tempting to speculate that the inhibitory effect of linoleic acid on spontaneous breakdown of germinal vesicles in bovine oocytes may be due, in part, to its specific stimulatory effect on activity of adenylate cyclase.
Linoleic acid stimulates protein kinase C (Murakami et al, 1986; Dell & Severson, 1989) , which plays a significant role in cell growth and differentiation (Nishizuka, 1988) (Homa, 1991) . Thus, the effects of linoleic acid may result from a direct activation of protein kinase C, thereby mimicking the effect of tumourpromoting phorbol esters on oocyte maturation.
Alternatively, linoleic acid may exert its effect through prostaglandins and/or leukotrienes, which have potent effects as local hormones (Smith, 1989) and have been implicated in ovarian function (reviewed by Armstrong, 1981) . Lipoxygenase activity has been detected in oocytes of several invertebrates and lower vertebrates (sea-urchin, Perry & Epel, 1985; starfish, Meijer et al, 1986;  frog, Hawkins & Brash, 1989) . Although arachidonic acid (20:4), the primary substrate for both lipoxygenase and cyclooxygenase (Smith, 1989) , does not occur in bovine follicular fluid, linoleic acid can serve as an alternative precursor (Claeys et al, 1985; Hawkins & Brash, 1989) .
Irrespective of the mechanisms involved in inhibition by linoleic acid of the resumption of meiosis, dietary alterations may modify the fatty-acid composition of follicular fluid, since it is partly derived from serum (Yao et al, 1980) . As oocytes are bathed in follicular fluid, a high intake of polyunsaturated fatty acids in the diet may potentially influence the ability of oocytes to mature in vivo. The fatty-acid patterns of individual lipids of meiotically immature porcine oocytes (Homa et al, 1986 ) are similar to that of porcine follicular fluid, suggesting a direct relationship between concentrations of fatty acids in oocytes and follicular fluid.
The fatty-acid profiles of bovine follicular fluid differ from those reported for total lipid extracts of porcine follicular fluid (Yao et al, 1980) . The most prominent fatty acid in porcine follicular fluid was oleic acid (18:1), followed by palmitic acid (16:0), compared with linoleic acid (18:2), followed by oleic acid in bovine follicular fluid. Porcine follicles contained~8% arachidonic acid (20:4) and measurable amounts of adrenic acid (22:4), but there was a marked absence of these tetraenoic acids in bovine follicular fluid. During development of bovine follicles, only the pro¬ portion of linoleic acid changed significantly; whereas, during development of porcine follicles, proportions of polyunsaturated fatty acids and stearic acid (18:0) increased, and palmitic and oleic acids decreased. These results suggest that the fatty-acid distribution in mammalian follicular fluid is species-specific.
